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NASA’s Flexible Path for the Human 
Exploration | 


James F. Soeder. 


Speaker Introduction bos 


Early Life 


° Grew-up in East Cleveland 
mC lae-lolUr-1i-re Mm icelatmelir-\ multe lameseacete)| 
and Case Western Reserve University 

¢ Space Geek 
- Influenced by Walt Disney & W. Von Braun 
(0) ai co) me) oy-(er- MJ Cli elalow-lare m=» ¢el(ele-liteyal 
- Built model rockets 
- Listened to Mercury flights at school on 
transistor radio 
- Watched on TV Gemini and Apollo Missions 


NASA Career Highlights September 1963 
om DY=\V(=) Co) of-o mel (elit: lmere) alice) mcelm (-1m-)ale[lalsr) 


a EcVar-Ye (sto m- My Poy ode-lalera dari mu'ce) a. (creme (-s-Jefamme(-\(-1(e) e)inl-alm@-lale myc laiicer-licel a 
of the power ayeiem | for the International Space Station 
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e Path to Mars 

am laic-iealeticolale| my ele lec- MM yielile)s 

dm ©) alo fo) ate MYs-1 0] (od (=e (-W'4-1 (0) o)aal-Jal is 

e Future Vehicle Developments 

e Mars and its Moons 


am =\'£e) ole) (-Wiulol pm Ovelanlerel(elam-> delelariielame)i 
exe | eole) iit melare mel ire laver=) 
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The Future of Human Space Exploration 
NASA’s Building Blocks to Mars 


Pushing the 
boundaries in 
cis-lunar space —- Peveloping 


planetary 
independence 
by exploring 
IS companies Mars, its moons, 
provide and other deep 
affordable space 
access to low destinations 
Earth orbit : 
A fy 
v /; Y 
ee Cie A 
Mastering the ff 
fundamentals bf ia Jay 
aboard the ; The next step: travelin , ” 
ie q International .— beyond low-Earth orbit with the 
“. “Space Station Space Launch System rocket J 
| and Orion crew capsule 
Pe ge) | A ed ole Missions: 6 to 12 months Missions: 1 month up to 12 months Missions: 2 to 3 years 
i ® \ eae Return: hours Return: days Return: months 


Earth Reliant Proving Ground mel aale lare(=)el-vare(=valt 
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om alt=gar-iecelatclmela=)) me) mo 
¢ 75 kW of power 
¢ Solar array and 
batteries 
¢ Orbits 
¢ Every 90 minutes 
¢ 240 miles above earth 
¢ 17000 Miles per hour 
roe om Ol ae)imiater lattices 
¢ Weighs 400 tons 


www.nasa.gov 
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cuceymmineronen 


Om ane 


hi 80 meters 


Weight: 
ZIOL77 KilOGrAms 
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How can! see the ISS? 


e000 Verizon = 7:20 PM 4 % 100% 


Smart alarms Forecast Share 


Location: null, Madagascar (UTC +3) 


VISIBLE PASSES 


Today 5:31 AM (25° *) 


23 Aug 4:39 AM (11° *) 


Space Station Tracker 
APP 
“ISS Spotter” 
Leaakelarce-laremevalelnelie, 


24 Aug 5:20 AM (87° * *& &) 
24 Aug 6:40 PM (22° *) 


25 Aug 4:30 AM (31° *&) 


25 Aug 7:23 PM (25° *& &) 
26 Aug 5:13 AM (24° *) 
26 Aug 6:28 PM (86° *& *& &) 


27 Aug 4:23 AM (20° *) 


le pass old elim Meler-litelal 


AVA AV Aarelst= (0) 


INFcNife)ar-liaCclcelareleli(esswr-lare ms) oy-(ex-wACelanllalcieectcela wa 


VE=1 a} Coq (=m DI=MV(=1 (0) o]gnl=a) om comodo] oe) ole) al 
> ¢ollole-1ilela 


AVA AV Aarelst= (0) 


The Orion Spacecraft 


Launch Abort 


System 
Crew 
Description aes a | 
¢ 16.5 feet in diameter ee 
¢ 2.5 times volume of Apollo Module 
¢ 23000 Ibs. 


¢ 4Crew Members 
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The Space Launch System (SLS) 


em PY=*-J(e Lal -lo mi (omer-laavmii-mOlacele 
r-) oF-Yex-\e1g- 11 emer: ae (oMm-ve Ul] oluit- lal m-lare| 
science experiments to Earth's orbit 
Vato me(=t-1 il ar- Lice) atom el-\V(e) ale B 


¢ The SLS will have an initial lift capacity 
ro) MAO Mant=iigcomcelat-w-lale mall mel-m-\e)hir-le) (= 
to 130 metric tons. 


ee MII mOry-m- Mm iCeLelComah’celgete(-vam-laremirelelre 
oxygen propulsion system, which will 
Takei[elo(=Migl-Matooysomicelaimial- ms) el: (o> 
Shuttle Program for the core stage and 
the J-2X engine for the upper stage. 


¢ SLS will use solid rocket boosters for 

a the initial development flights, follow- 
/on boo sters will be competed based 

n pe forman ice requirements rT ae | 


-_ 


www.nasa.gov 
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Potential Future Vehicle Developments 
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Potential Deep Space Vehicle a 


¢ Crew of 4 to 6 
es oa RONYACo(-MI NU Laem) oy-(ex-m cola (olalemelUle- lilo) s | 2 

missions 
¢ Solar Array / Battery System 

¢ 24+ KW 

¢ Potential to be operated in Low Lunar 
OTs elim n (=r-1at a (-re1 el ilai=y- 1am Olae)i me) am BI-\-1 ¢) 
Space 
ed Koni (o(=X-Mo (olor @lavem-levexelualiarerer-lilelamiels 
multiple vehicles — resupply as well 
as landers 
ator for the red aT=Xer ColUh mr lave! 


3 >. H 
a a |DY=Y=) ok) of-[er-Mar(=val (eq (= exe) alec) 0) k} 
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What is Solar Electric Propulsion? 


This: -Alowmass/hign ‘Not That: 


efficiency propulsion fe a 
system typically used 1] 

Co) am ccLexelalat-Itos-t-lale- me) 
planets and asteroids 


¢ Results in very long 
travel times for 
missions — Not high 
speed intercept 


Twin lon Engine 
GUS Rael Ccimiceia 
Star Wars 


oda a {=¥-| Colao) ae) lei iiceyal 
Rowers fractional 


www.nasa.gov © 
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To) F-1 am =} (=104 0g (ol ad ce) LUI (Joa Ge) =1 ad) 


DY =x-Yer gl e}i tela) 

me od KODA(0(=Y- Mal (olan e)ae)el-\it-laim=iiilel(slaleayme)s 
ISP = 3000 vs 450 for H2 / O2 Prop. 

¢ Fuel -- Xeon gas 

¢ Reduced launch mass over chemical | 
systems 


e151 Om ate) ( 
ce =) (olor @ AY(=) 0) (e1(= ms ole)" (=) tol) @') (10) my) 
and 42kW (EOL) 
ms =4\-1aTel-1e)(-mcomm role] ail) 
- Operates over a range from 0.8 AU 
Ke 1.7AL _ —_— 
_ Applicable to a wide variety of 
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Mars Characteristics whoa 


¢ 1% the size of earth (0.533 earth radius) 
¢ Solar distance 143 MMiles Vs 93 MMiles (Earth)s 
om [at-xe)[-lilelame—m-sbyme) mm =t-1aie 
¢ Surface gravity = 0.376g y 
- Average temperature = -81degreesF /— 

¢ Length of day / year = 24hrs / 687 days — 
¢ Axis tilt = 25 degrees 4 
am a ole lavelial om@roliilenlelalier-iivelarome l= teh | 


* 15 to 45 minutes : “Sey 
¢ Atmosphere is mostly CO, a 

¢ Mean Pressure 0.8 inches of Hg 

¢ 22 miles above Earth sea level 
ae wd ©) [Le (x= OT | 0) 
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Mars’ Moons 


Deimos (Terror / Dread) 

¢ Orbital Period = 30 hrs. 

¢ Orbital radius = 14,600 miles 
¢ Size =15 x12x11 km 

¢ Surface gravity = 0.0003g 


Phobos (Panic / Fear) 

¢ Orbital period = 8 hrs. 

¢ Orbit radius = 5,800 Miles 

¢ Size = 27x22x18 Km 

¢ Surface gravity = 0.00058g 

mm \'F-1g-molerel 0] eo) (:t-mr- Mm t-1ae(-m- lire) e lai me) 
Phobos sky 


—— shield astronauts from 
gee td e-Lolrcvicelamiele 
2/3 of orbit | 


base for real- time ie) ofo} iT es 
lars — 
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Maximum Vertical Jump — 
650 Ib. Suited Crew (crew + suit + jetpack) 


Maximum Vertical 
Jump w/ 
2 m/s Take-Off Velocity 


sRolelene) 


500.0 


Vertical Height (m) 


fers ii © RE BEA ae ee z Ry s oe ee 
Weight on Phobos CO lee de eg SE 2 


rewmember in a Suit Pe wee 
‘SEV (6,000 kg) 7 pale Fae [ | Time of Flight | 
‘Habitat (15,000 kg) 2 or amen. eatenes Moon 2.5 sec. 
Z . : Phobos | 11.7 min. 
Deimos | 22.2 min. | 


National Aeronautics and Space Administration 
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INTERNATIONAL 
SPACE STATION 
SPACE LAUNCH 

SS SYSTEM 


ee ee ORBITERS 


Pe 99 = 


HABITAT 
SOLAR ASTEROID 
ORION ELECTRIC REDIRECT 
CREWED PROPULSION MISSION 
SPACECRAFT 
MI SSION $: 6-12 MONTHS MISSIONS: 1-12 MONTHS MISSIONS: 2-3 YEARS 


RETURN: DAYS RETURN: MONTHS 
EARTH i (il PROVING aiid Leen EARTH INDEPENDENT 


Cea INICMEORWINate 
via split-mission €oncept 


. DESTINATION 
SYSTEMS & CREW 
RETURN VEHICLE 
SEP pre-deploy to 
Mars orbit 


PHOBOS 
DESTINATION ) i 


Transit; 2-3 Years 


Fransit: 2-3 Years 


m SYSTEMS 
SSEP pre-deploy to 
: P > Phobos 


Cea INICMEORWINate ve 
via split-mission €oncept 


DESTINATION | 


7 2 . = 
SEP pre-deploy to Transit: 2-3 i poe 
Mars orbit Surface Operaitnae 
DESTINATION 
* SYSTEMS 
SEP pre-deploy to 
Phobos 


“hal 
. 


Transit 2-3 Yeare 


PHOBOS | 


— 
y 
pp 
f 
VA 


CREW/TRANSIT HAB / 
Aggregation in | 
HEO/DRO 


Cia NICMIORW Nate ae 
via split-mission €oncept 


DESTINATION 
SYSTEMS & CREW ) 


RETURN VEHICLE 
SEP pre-deploy to 
Mars orbit 


PHOBOS | 


Transit; 2-3 Years 
Surface Operations: 
30-500 Days 


DESTINATION 


hea at Ke f 
space | ’ OREW/TRANSIT HAB 
; & 


Aggregation in 
HEO/DRO 


HABITATS retumn to staging 
P point for refurbishment . 
CREW return to Earth a ned ee to 
7 —a goer, = (Oonin HEO 
ro... See 
a re _ RETURNING. 
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Key Technical Challenges 
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Key Challenges 
Bh at=)a=mr- late =r-(e1.4 
- Ability to launch a powerful rocket - Deep space navigation 
- High reliabity space craft systems ain (= 180157 41,0)0 swale meloleL are 
- $ize requirement for crew capsule - Life support systems 
- High thrust in-space propulsion systems - High speed re-entry 


Happy and Healthy 


P\iem (olelom-lalemN'cc (sls - Bone loss 
- Waste containment - Radiation 
- Psychological impact sm Olei0it-lmel=\elcval-ye-1n(e)a 
- Low/no gravity - Hygiene 


- Medical emergencies 


oed and Productive 


ae he-tialiarem- lace mm Koyo) ts 
- Mission Planning 
- Space suits 


www.nasa.gov ~ 
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trip to Mars is a big Issue 

¢ 2.4 to 3.4 mSv/year is 
natural radiation dose on 
earth 

an Pike) 7m celelale miele 
between NY and Tokyo 

¢ 6.9 mSv/ time for a CT 


QD 
5 | 
o 
> 
@® 
2 
E 
~ 
Cc 
2 
14) 
= 
= | 
oO 
Lu 
®o 
” 
je) 
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to Mars or 500 day stay 
roya tat m el t-lat-at 
° oe dose for 


scan Pp Pea s 
ee dom iite)\'an ce) mm omiilelaliatmela : 5 5 : 3 
the ISS s | . © & 
- 350 mSV for 180 day trip g 8 g 3 * 
3 2 °F 
é © 


Annual Cosmic Radiation (sea level) 
DOE Radiation Worker Annual Limit 


4 SV = 100 REMs= 1 joule / Kg 
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Behavioral Health sae 


¢ Behavioral areas susceptible to increased risk over a one year mission: 
(GD) (=1=) om (o-temred | cer-Leolt-lame(=taarevalaelanvmy cela dcoy-(om-lalemr-litelbi= 
(2) stress, morale and mood changes* 
Ge) MeroretaliehVcmielalediceyaliare, 
COM Tah (=) ol-]e-yo) al] mere) ail (ee 


(5) motivational challenges* 
(ODM Trai AYAey=) ey: Le-1iolame-lalem el-le-xelar-lmexelanlanlelal(er:ld(e) ary 


pie PC=S-Y 1M =r- LI V Cem -v aN cedalan(clal@r:lacem exe) olelr-lice]amcomc-liver-i(-mexelUlaltclaui(-t-KJUle-toe 


= Preliminary analysis for ISS (ongoing study): 
¢ Available measures of subjective stress, sleep quality, and vigilance 
onic with mission time 


have similar trends which suggest increasing 
‘missions. 


AVA AV Aarelst= (0) 


INE-Vilelar=lWaXsycear-lUll(exser-lale me) or-(ec-mAvelaalialisierclilela 


One-Year ISS Missions Behavioral Concerns 


Tal (cde els] ecxelar-1m Ore) ayilrey & 


¢ ISS Journal entries on ¢ ISS Group Interaction 
conflict by mission Positivity Ratings by 
quarter mission quarter (244 
entries) 


—--Group 
Interaction 
Positivity 


—-Conflict 


Entries 


a egies os . . . 
_ Interpersonal conilict can impact crew performance and mission success (De 
_~ Dreu & Weingart, 2003) 
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Sd 


Nuclear Thermal Propulsion Systems 


Vehicle has crew size of 
between 4 to 6 for a multi— 
month voyage 


DY exe diate ole) atm cel ar-aUieli ics 
Purpose Crew Vehicles 


Propellant heated directly by 
FWaletei(=y-|masy- leave) ar: lace 
thermally expanded / 
rYexex:}(=le-1tclo Mm talaelele lam: maleys4(-) 


Low molecular weight 
propellant — typically 
todd 


Propellant mass approx. Y of 
5 ‘Rabe 2m ical ee 


= — 
—- 


Nozzle 


Nuclear reactor 
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Costs and Politics 
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e http://vimeo.com/108650530 
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Take Away’s 


me CTollale Mcom stole mili mi-telUlic-melalemelice hae) math 
(Tod alate) (eke (=m roe {-) cove) aal-Mial-Mlelal-)k-J01 
vod alo] |(=Valet=sMe] ave me) oy (ofed(-smialoimini-Moleldal=a\7 
Taal ekestoss 
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fo Kod al (=\V{-m lat-me fore] 
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Careers and Education wns 


¢ Individuals with skills in science and technology are 
necessary if the United States is going to remain 
competitive in the global economy 
an ©) 0) Le) aieralii(-\-m- lam ol-1i(-) mi lamclalellacct-lalalem-lalemerelanleleiieys 
science that hard sciences like biology / chemistry / 
physics 
es) Ue (Jal c-mal=(-rem (omer ace(-)a-yr-lavem-lae Mm el-m e)aeyicel(-1almlamial-m ey-1-) (er) 
fo) Mant Viele- lave m-yel(-) a [ecm 
— Algebra, geometry, trigonometry, calculus 
— Chemistry and physics even biology 


¢ Presentation Skills (Presentation development and public 
speaking) 
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Aerospace Careers 


Thermal 
a - Mechanical Power 
~~ - Chemical - Electrical 
= = _ - Aero Space - Chemical 
& - Mechanical 


NY > 


Propulsion 
- Mechanical 
- Aero Space 


Avionics 
- Software 
- Computer 
- Electrical Pa 
ELCSS 
- Chemical 
- Chemistry 
- Mechanical 
Structures 
- Aerospace 


- Mechanical 
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Prime Contractors 


QSIEING jeer Hellicopter | 


NORTHROP GRUMMAN mw 
—~ LOCKHEED MARTIN 


Lower Level Suppliers 
Local suppliers include Parker Hannifin, Safran & others 


AVA AV Aarelst= (0) 


INEVilolar=l WAX )Ke)ar-lUllexser-lale ms) er-(er-mAVelaalialiciuecli(e)a) 


Back-up Slides 
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(PROPELLANT 
INJECTION 


ELECTRONS EMITTED 
‘BY HOLLOW CATHODE 
‘TRAVERSE DISCHARGE 
|AND ARE COLLECTED 
BY ANODE 


lon Propulsion 


[ELECTRONS IMPACT 
[ATOMS TO CREATE 
IONS 


POSITIVE™ 
GRID 
+1087 V) 


NEGATIVE ¢ 
+ 


GRID 


(-193V) 
| 


ELECTRONS INJECTED 
INTO BEAM FOR 
NEUTRALIZATION 
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1 S 
e 
@ 
The radiation environment of deep space 
is very different from that at Earth's 
e surface or in low-Earth orbit. 
For people outside the protection of 


Earth's magnetic field, space radiation 
is a serious hazard. 


This type of radiation 
is emitted as immense 
clouds of high-energy 
charged particles 
thought to originate 
from supernovas 


This type of radiation 
occurs when charged 
particles become trapped 
in Earth’s magnetic field 
and spiralaround 
inside the field 


GALACTIC COSMIC 
RADIATION 


TRAPPED 
RADIATION 


RADIATION EFFECTS 
ON HUMANS 


ACUTE 


*¢ Felt almost immediately 
when a large dose 
of radiation is 
accumulated ina short 
amount of time 

Seer rtf Matetttt-lo me colulidiale) 
breb die [tl-Me lst: Met-tal tae | 
nervous system 
diseases, which can lead 
to changes in motor 
function and behavior 


AMERICA'S NEXT-GENERATION SPACECRAFT e 


Ultraviolet radiation is less 
energetic. Particles impart 
energy on to the atoms and 
molecules with which they 
interact, but do not strip 
off electrons 


Solar energetic particles 
are released by the Sun 
in solar particle events 
This can result in sudden 
intense storms 


INO) NEO) NIPAIN IE! id able 

* Effects can be 
experienced decades 
after exposure 

* Results from an 
accumulated dose of 
radiation over a long 
period of time 

* Causes increased risk of 
cancer, cataracts and 
vision impairment, 
roel -dal-daeh dh a-melelael isle 
disease 


WWW .Fidod.GOv 


What does it Cost? ‘NagA 


my CoMexey-y il ale =) 4(-) cme) 
current initiative Annual Cost 

¢ In 1989 President 50 
G.H.W. Bush asked for 
a NASA estimate 

me Ce) t= 1 eo)!(-J 0-1] merely ma E:T 


$500 billion in 1991 ° 
dollars 

- NASA Baseline budget ~~ 
was assumed to $15B 0 


in 1991 dollars -- $24B 
today $ (actual budget 


$18B) 
1990 1995 2000 2005 2010 2015 


hitial mplacement | Totals* *TIn billions, 1991 dollars Fiscal Year 
Capability and Operations 
le, 
NASA Today M Lunar Phase []. Mars Phase 


Figure 2 Reference Approach E 
47 
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CREW 
MODULE 


CREW 
MODULE 
ADAPTOR 


EUROPEAN 
= — 
MODULE 


W AND SERVICE MODULE 
—e; 


\Vj(e1=m(e)3) 0) m= 


=Pp\ 
=e 


TLL) 4 


SPACECRAFT 
ADAPTOR 


Phobos Trajectories and Times of Flight -4 
for Different Force Inputs (Net Force) 


Trajectories on Phobos Assuming 45 deg. Initial Velocity Vectors w/ 
Varying Net Force Inputs & 650 Ibs Crewmember (suited w/ Jetpack 


Vertical Height (m) 
jo) ee NO Ww aS uw 


8 10 12 
Horizontal Distance (m) 


Trajectories on Phobos Assuming 45 deg. Initial Velocity Vectors w/ Varying Magnitudes 


ht (m 
NJ 
(je) 
(oo) 
(oo) 


Vertical Heig 


6000 8000 10000 
Horizontal Distance (m) 


INEVitelar= Wats Kelar-lUll(erser-lale me) er-lec-mAvelaalialisverclilela 7 
Situational Awareness and Decision Making wae 


mm Oxe)eilanlelaycer-li(olam-lavema-ceve)Y(-)a'ameiiic--m-le-m olale(-lamtar-lam-lahva e)a-\Ulelers 
experience 


an Oo) nTenlelaliorsidelarom er-lavely lel tam (cw: Mr-lejke) mre) mu LOOM (-\-t-mdet-lam boys) 


Deep Space Hab <2 Mbps (DSN) 15 to 45 minutes 


Apollo / Orion < 2 Mbps (DSN) 1- 2 seconds 


ISS 300-800 Mbps Real-time 
(TDRS) 
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—, Every system on the vehicle needs power 
nab will need a high level of availability 
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